Tuberculosis (TB) is a leading cause of death from infectious disease and the global 40 burden is now higher than at any point in history 1,2 Methods). A total of 73,718 high quality SNPs were identified and used to 65 reconstruct a maximum likelihood (ML) phylogeny (Fig. 1a) and to assign lineages 6 . 66
Introduction
olds vs 35% in ≥60 year olds (p=0.0007 Fisher's exact test, p=0.0014 linear trend test; 87
Fig. 1c). These data confirm that Beijing sublineage 2.2.1 is capable of infecting a 88
wider range of hosts in the Vietnamese population, particularly among females and 89 younger people, than is the endemic Lineage 1 [7] [8] [9] [10] . 90 91 Consequently, we hypothesised that Beijing lineage or sublineage 2.2.1 was also more 92 transmissible than Lineage 1, and/or more capable of causing active disease in 93 infected hosts, in the Vietnamese host population. We used the whole genome 94 phylogeny to investigate this possibility in more detail, comparing several diversity 95 metrics for each lineage (Fig. 2, Supplementary Fig. 1 ), and slightly shorter than Beijing sublineage 2.2.2 isolates (9 SNPs, 101 p=0.02) (Fig. 2a) . Indeed the distribution of mean node-to-tip distances for all 102 transmission clusters using a range of maximum pairwise patristic distance thresholdstransmission clusters using thresholds of up to 20 SNPs (transmission age of ~20 113 years). Therefore, not only was sublineage 2.2.1 the most common cause of TB in the 114 HCMC study population, but these infections resulted from more recent transmission. 115
Coupled with the difference in age distributions (Fig. 1) (Fig. 3) . Beijing sublineage 2.2.1 isolates from 130 HCMC formed several distinct clusters that each shared a recent common ancestor 131 with Lineage 2.2.1 isolates from outside Vietnam (Fig. 3b) (Fig. 3c) . In further support of these observations, stochastic mapping of locations 140 onto the Lineage 2 and 4 phylogenies predicted dozens of strain transfer events 141 between Vietnam and other locations (Fig. 3d) (see Methods). In contrast, while 142
Lineage 1 had a similar frequency amongst Malawian isolates (16% of cases), Mtb 143
isolates from the two locations were not comingled (Fig. 3a) , suggesting that Lineage 144 1 associated TB in HCMC results entirely from the local endemic population. 145
146
Taken together, our data reveal a complex epidemiological landscape for TB in 147 HCMC, comprising (i) an underlying burden of disease caused by endemic Lineage 1 148
Mtb strains (24% of all TB cases), which is associated with activation of long-term 149 latent infection and disproportionately affects men and older people; and (ii) an 150 additional disease burden caused by introduction of exogenous Lineage 2 and 4 Mtb 151 strains (76% of all TB cases), more often affecting hosts of both genders and a 152 broader age range and is associated with shorter time to active disease and frequent 153 onward local transmission (>30% of all introduced strains were involved in 154 transmission clusters defined using a maximum pairwise patristic distance threshold 155 of ≤20 SNPs). Notably, 83% of TB cases resulting from these onward transmission 156 events involved the Beijing sublineage 2.2.1, accounting for 23% of all cases included 157 in the genomic study. These findings have important consequences for local TB 158 control programs, which may benefit from distinct strategies targeting the differenthigh degree to which international transfer of Mtb can impact on local disease burden 161 and shifting epidemiology. 162 been documented in Russia (associated with antimicrobial resistance) 3 and Malawi 167 (independent of antimicrobial resistance) 4 . While antimicrobial resistance was 168 common amongst HCMC Beijing lineage isolates, the majority of transmission 169 clusters comprised groups of isolates that did not share any known resistance 170 mutations that could account for their transmission success (Supplementary Fig. 2) . 171 This is consistent with previous reports that the Beijing lineage is highly transmissible 172 and more likely to progress to active disease in various host populations and is also 173 more virulent and less pro-inflammatory in various cellular assays, independent of 174 antimicrobial resistance [16] [17] [18] [19] . We therefore aimed to interrogate the Mtb genome data 175 to identify mutations that may contribute to the success of the Beijing lineage (2.2). 176
Evolutionary convergence has previously been used as a signal of positive selection to 177 identify mutations associated with antimicrobial resistance in Mtb 20,21 . We reasoned 178 that advantageous polymorphisms contributing to the enhanced transmissibility of 179 Lineage 2.2 should lie on the branch leading to this lineage, and should be under 180 positive selection that is detectable as convergent evolution at these sites in other 181 lineages. We identified a total of 420 homoplasic nonsynonymous SNPs (nsSNPs) 182 across the HCMC phylogeny, the most frequent of which occurred in genes in which 183 convergent evolution has previously been associated with antimicrobial resistanceincluded three that arose on the branch defining Lineage 2.2 and also elsewhere in the 186 HCMC tree ( Table 2 Fig. 4) . Despite theirclose homology, SNPs in these genes can be easily distinguished even with shortterminal loop of EsxW (Fig. 4) , and the evolutionarily convergent changes at this 217 position could have functional impacts such as stabilizing the heterodimer or 218 impacting interactions with host proteins. Since the upstream promoter regions of 219
EsxW and its homologs differ substantially ( Supplementary Fig. 5 ), their expression 220 is likely subject to different regulatory controls. While the mechanism remains to be 221 elucidated, our results provide evidence that EsxW is under selection in natural Mtb 222 populations, providing support for the prioritization of this immunomodulatory 223 protein as a vaccine target. Importantly, our data show that genomic diversity in Mtb 224 has a profound impact on TB epidemiology even within a single localized host 225 population, and indicates that more detailed understanding of lineage-specific 226 variation in Mtb could be highly informative for TB control. 227 (data from previous studies). 233
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Ancestral sequence reconstruction was performed for the HCMC tree and combined 323 tree using FastML v3.1 to infer the sequence alignment at each internal node of the 324
ML phylogeny
35 . Substitution events occurring on each branch of the tree were 325 extracted by comparing the joint reconstruction sequences for the parent and child 326 nodes; these data were used to identify lineage-specific polymorphisms and to detect 327 independent occurrences of those polymorphisms outside of the lineage of interest 328 (data in Table 2 ). Terminal branch lengths reported are the number of substitutions 329 (SNPs) mapped to each terminal branch (data in Fig. 2a) . Metrics for genetic 330 diversity and tree topology were calculated from the phylogenies using R (see 331 Supplementary Fig. 1 ). Mean subtree heights were defined as the mean root-to-tip 332 distance for all tips in the subtree; the width of a subtree was defined as the number of 333 descendant tips (data in Fig. 2b ). Clusters were defined as subtrees for whom themaximum patristic distance between descendant tips (see Supplementary Fig. 1 ) fellbelow a specified threshold (data in Fig. 2c) . Each cluster was checked to determine 336 whether all members of the cluster shared any of the antimicrobial resistance 337 mutations identified by Mykrobe Predictor; clusters in which no known antimicrobial 338 resistance mutation was conserved in all members of the cluster are reported as not 339 explained by antimicrobial resistance (data in Supplementary Fig. 2) . 340 341 Phylogeography analysis. Transmission between geographical regions was assessed 342 separately for the Lineage 2 and Lineage 4 trees using an implementation of 343 stochastic mapping on phylogenies (SIMMAP) implemented in the phytools v0.5 344 package for R 36,37 . Region of origin was treated as a discrete trait and mapped to 345 each tree using the ARD model (which allows each region-to-region transfer rate to 346 vary independently) with 100 replicates. The results reported (Fig. 3d) reference genome using Artemis, aligned using Muscle, and subjected to phylogenetic 352 inference using PhyML (Supplementary Fig. 4) . DNA sequences (length 500 bp) 353 upstream of each esx gene were extracted from the H37Rv reference genome using 354
Artemis and aligned and visualised using JalView (Supplementary Fig. 5) . 
